Abstract. According to the EU Water Framework Directive, benthic macroinvertebrates are considered a biological quality element required for typology and classification of the ecological status of freshwaters. The effects of habitat, season, and sampling effort on three common quality metrics were studied in Estonian streams. More than 900 macroinvertebrate samples from minimally disturbed sites, collected in 1985-2002, were analysed. All metrics were significantly influenced by stream size, bottom substrate, flow velocity, and geographical location. The biological quality was the best 30-50 km from the stream source. The geographical distribution of the values of ASPT (mean sensitivity of a taxon) and DSFI (level of organic pollution) was markedly different from the geographical distribution of the values of NTAXA (taxa richness). All metrics also revealed lower quality for sandy than for stony bottom, and for low than for high flow velocity (except NTAXA). Unlike the other two metrics, ASPT did not depend on sampling season and depended much less on sampling method. Hence it could be recommended as a tool for transforming the biological quality derived from historical non-standard samples into modern terms.
INTRODUCTION
The Water Framework Directive (2002) established a framework for the European Community's action in the field of water policy. The benthic macroinvertebrate fauna is considered a biological quality element required for typology and classification of the ecological status of surface waterbodies. According to the Directive, the obligatory typological factors for streams are ecoregion, altitude, latitude, longitude, size (based on the catchment area), and geology, to which several optional factors may be added (e.g. velocity and bottom substrate).
The effect of the catchment or the ecoregion on macroinvertebrate characteristics usually complements local habitat features (Feminella, 2000; Newall & Wells, 2000; Parsons et al., 2003; Weigel et al., 2003) . Rabeni & Doisy (2000) found that subregionalization reduces unexplained variability and can therefore be recommended for use. Presumably, a tiered classification based on both reach-level and largerscale landscape features is needed to accurately predict the composition of the freshwater fauna (Hawkins et al., 2000) .
As altitude in the wide sense is not a significant factor for macroinvertebrates in Estonia (most of the territory belongs to the lowest altitude class, < 200 m a.s.l.), we will not discuss its influence in detail.
Stream size has a high classification strength for habitat and water chemistry classifications (Waite et al., 2000) . The highest species richness on stony bottom was observed for mid-order streams, while lower species richness was recorded for headwaters and for high-order streams (Minshall et al., 1985; Crunkilton & Duchrow, 1991; Grubaugh et al., 1996; Reyjol et al., 2003) , or species richness was found to increase with increasing watershed size (Klemm et al., 2002; Heino et al., 2003) . Furse (2000) reported significantly lower richness values for headwaters compared with larger streams, the mean sensitivity of their taxa being approximately similar.
The geological factor is seldom primary and exerts influence in combination with ecoregion, stream size, etc. (Feld, 2004; Moog et al., 2004) . The effect of bedrock on macroinvertebrates usually depends on its alkalinity.
Significant variation in the macroinvertebrate community is attributable to local physical conditions (Rabeni, 2000; Dovciak & Perry, 2002) . Likewise, the number of substrate types found in a reach is an important variable (Olsen & Friberg, 1999) . Although the riffle habitat (having high velocity) is usually considered a standard biotope for biological quality studies, the margin habitat in slow-flowing streams (where riffles do not occur) proved a representative substrate for the entire macroinvertebrate diversity at a site (Turak et al., 1999; Newall & Wells, 2000; Linke & Norris, 2003) . Sampling of submerged wood or plant roots has a far higher influence on the estimation of biological quality in slow-flowing than in fast-flowing reaches (Speth & Boettger, 1994; Rader & McArthur, 1995) .
Although summer is a favourable time for many macroinvertebrate taxa (particularly phytophiles), several heterotopic insects (most Plecoptera, many Ephemeroptera and Trichoptera) leave waterbodies in this period or occur as unidentified forms (eggs, very young larvae). Hence spring and/or autumn are considered the most advantageous seasons to estimate biological quality (Johnson, 1999; Turak et al., 1999; Hewlett, 2000; Heino et al., 2003) .
In Estonia the influence of none of the above factors, recommended by the Directive, on the estimation of stream quality has been sufficiently studied.
Recently, several macroinvertebrate projects for intercalibration of different geographical areas and assessment methods, such as AQEM and STAR, were executed in Europe (Hering et al., 2003; Furse et al., 2006) . Consequently, a modern, acceptable sampling technique should (1) be standardized, (2) include a wide variety of taxa at the studied site, and (3) incorporate a measure of abundance. Non-standardized or only qualitative samples cannot be intercalibrated with the corresponding material from other European areas. If only a single taxon or a few taxa are considered as indicators, spatio-temporal variability of macroinvertebrate assemblages may significantly diminish opportunities to estimate any relevant metric of biological quality. Moreover, a representative sample from lowland streams must contain at least 300 specimens (Lorenz et al., 2004) .
In 2000 we introduced a standard semi-quantitative handnet sampling technique (European Committee for Standardization, 1994) sensu Johnson (1999) and Medin et al. (2001) for routine monitoring of Estonian freshwaters. To apply this method, a provisional table of reference values for six common macroinvertebrate metrics (total taxa richness, EPT taxa richness, Shannon diversity, British ASPT-score, Danish Stream Fauna Index, Swedish Acidity Index) in different habitats for spring or autumn samples was drawn up (Timm, 2003) . However, the historical data of quality estimation on the basis of stream macroinvertebrates, collected in Estonia during 1985-1999, include far more measurements compared with the data collected with the above-described method. In addition, the data are based on a much wider range of physico-geographic conditions. At the same time, older data derive from poorly standardized or non-standardized qualitative samples that allow calculation of only a rather limited number of quality metrics. Even if relevant metrics were derived in the past, the results from the two periods would not be directly comparable. Until now the historical samples have been applied for the estimation of long-term changes in organic pollution in some Estonian streams (Timm et al., 2001) .
We tested (1) the influence of stream size, bottom substrate type, velocity, geographical location, and season on some metrics of biological quality in Estonian streams and (2) comparability of the metrics derived from historical samples to those derived from standard samples.
STUDY AREA
Estonia belongs to the area of mixed forests of the temperate zone bordering on taiga. In comparison with the other European areas, Estonia has a large proportion of raised bogs and forests (Raukas, 1995) . In a zoogeographical regionalization of Europe, Illies (1967) considered the Baltic area (including Estonia) a separate unit (province No. 15) . In a recent intercalibration of hydrobiological quality, Estonia as a relatively small and geographically homogeneous area was joined to the European Central Plains region (No. 14) (Buffagni et al., 2005) . Altogether, 25 local landscape regions are distinguished in Estonia (Arold, 2001 ), among them 6 uplands and 19 lowlands.
The bedrock of northern, western, and central Estonia consists mainly of Ordovician and Silurian carbonates. Almost the whole of southern Estonia is a region of Devonian sandstone (Raukas, 1995) . Like in Sweden, it is probably the soil rather than the bedrock that defines the chemistry of runoff, because the soil material covering the bedrock was transported from distant locations during the last glaciation (Fölster et al., 2004) . The altitude of most of the territory is lower than 200 m a.s.l., i.e. it belongs to lowlands in the sense of the Directive. Only a few higher areas can be found in south-eastern Estonia. About half of the country is covered by woodlands and semi-natural areas, and one-third is used for agriculture, including pastures. Urban and industrial areas are mainly concentrated in the northeastern part of the country and account for 2% of the territory (Meiner, 1999) .
The number of registered bodies of running water is 1755 (Arukaevu, 1986) ; however, this list does not include most first-order streams. The Narva River on the north-eastern border with Russia, with a total length of about 650 km (together with Lake Peipsi-Pihkva and the Velikaya River in Russia) and with a catchment area of 56 200 km 2 , is the largest watercourse. As the summer pH of most streams is 7.0-8.5 (Järvekülg, 2001) , acidification is of no or little importance. Because of the relatively flat landscape, there are only a few streams with entirely rocky or gravelly bottom. Therefore, a large number of streams completely lack riffles, either because of their naturally low slope or because of man-induced increase in sedimentation. In such cases, the margin vegetation may serve as the only hard substrate for invertebrates. The main causes of the impairment of freshwaters outside urban areas are eutrophication and stream channelization (Järvekülg, 2001) .
MATERIAL AND METHODS
The data were drawn from the database of the Centre for Limnology, Institute of Agricultural and Environmental Siences, Estonian University of Life Sciences. The animals were collected from streams all over the territory of Estonia, mostly in the ice-free period (between March and November), within several monitoring, scientific, and expertise projects in [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] (Fig. 1a, b) . Assessment of the habitat (flow velocity and substrate) was performed in all cases. Hydrochemical samples were taken in certain cases and they were not treated in this study. Altogether, 961 macroinvertebrate samples from 258 streams were extracted for statistical analysis (Table 1, Fig. 1 ). The samples obviously affected by pollution, channelization, or water regulation as well as those taken directly from lake outflows were not included.
Factors
For convenience, bottom substrates were divided only into two categories: hard (stones and/or gravel) and soft (sand, clay, debris, etc.) . However, samples from reaches with hard bottom sometimes included also organisms from the margin vegetation or from parts of soft bottom (if present). Altogether, 742 samples of hard substrate and 219 samples of soft substrate were analysed. Stream sections were considered either fast-(672 samples) or slow-flowing (289 samples), regarding a visually estimated velocity of 0.2 m/s as the cut-off point. Stream size was estimated as the distance of the sampling site from the stream source, relying on Table 1 . Non-transformed factors and variables. n -total number of samples; ASPT -Average Score Per Taxon; NTAXA -taxa richness (number of BMWP indicator families) (Armitage et al., 1983) ; DSFI -Danish Stream Fauna Index (Skriver et al., 2000) Continuous factor Min Max maps and tables providing the basic parameters of the Estonian streams (Arukaevu, 1986) . Year was divided into spring (before June; 466 samples), summer (June, July, and August; 272 samples), and autumn (after August; 223 samples). As a rule, no sampling was performed in winter when most streams were frozen. Three sampling methods were compared (Table 2) . Simple qualitative samples (Method 1, collection mainly in 1985-1995) were usually taken from up to 30 m sections of shallow reaches (the distance depended on the accessibility of suitable areas). The whole sampling area and the proportion of different substrates were not standardized. Habitats with the highest taxa richness were preferably examined. The animals were picked directly from hard substrates Table 2 . Comparison of the sampling methods used. Method 1 -simple qualitative samples, Method 2 -the Danish method (Skriver et al., 2000) , and Method 3 -the semi-quantative method (Johnson, 1999; Medin et al., 2001) such as stones and logs, or were captured with a handnet with a mesh size of 0.5 mm. The animals were fixed in ethanol. Sampling was continued until no new taxa were detected in the field. The Danish collection method (Method 2, collection mainly in 1996-1999) was originally designed to calculate the Danish Stream Fauna Index. According to Skriver et al. (2000) , the samples were taken with a standard handnet with a 25 × 25 cm opening and a tapering netbag with a mesh size of 0.5 mm. Sampling was done along three transects across the stream. Four kick samples were taken at each transect. The kick samples were supplemented by hand-picking from submerged stones and large-sized woody debris. We used a version of this method where sorting and preliminary identification of the animals were done immediately on the spot. Compared with Method 1, standardization of the sampling area for the most typical bottom was the most important difference.
According to the standard semi-quantitative technique EN 27828 (European Committee for Standardization, 1994) (Method 3), samples were collected using standardized kick sampling with a handnet similar to that used in the Danish method. Five 1 m kick samples were taken from a uniform (preferably riffle) bottom at each site. In addition, a qualitative search sample was taken from all available substrates (Johnson, 1999; Medin et al., 2001 ). The sample size was almost the same as in the case of Method 2. Differently from the two previous methods, the collected animals were fixed together with sieving residues (debris, sand, pebbles) and sorted in the laboratory. All specimens were counted for the calculation of the abundance-based metrics. To save time, dominant taxa with very high abundance were subsampled. For Estonian streams this technique has been used regularly in routine monitoring since 2000.
Regarding sampling, several authors have sorted samples in the field (Lenat, 1988; Alba-Tercedor & Pujante, 2000; Newall & Wells, 2000) , while others have considered field sorting as a source of systematic error (Friberg & Johnson, 1995; Smith et al., 1999; Humphrey et al., 2000) . Additional qualitative search, which was considered an important element of our standard sample, did not affect DSFI or ASPT in Swedish freshwaters. However, it influenced significantly taxa richness, EPT-taxa number, and BMWP score (Goedkoop et al., 2000) .
Although the time spent in the field for a single sample was similar in all three cases, the time needed for laboratory work was several times longer in the case of Method 3 compared with the other two techniques. At the same time, this method enables calculation of abundance-based metrics, which is not feasible with the other two techniques. Altogether, 530 samples were collected using Method 1, 290 samples were collected using Method 2, and 141 samples were collected using Method 3.
Variables
Only three indices connected with the current monitoring programme in Estonia could be more or less reliably calculated using all three above-described sampling methods. All they express somewhat different ecological aspects. ASPT and NTAXA originate from the Biological Monitoring Working Party score system (Armitage et al., 1983) , where the pollution-tolerant families have low values and the pollution-intolerant families have high values. The total sum of the scores of individual families present in a sample yields the site score. To diminish the effects of sampling size and taxa richness on the site scores, the scores are divided by the total number of the scoring families (NTAXA) to yield the Average Score Per Taxon (ASPT), with values ranging from one to ten. In the current study, NTAXA was chosen to indicate taxa richness (biodiversity). ASPT characterizes general ecological quality and/or organic pollution (Armitage et al., 1983; Wright, 2000) . Both ASPT and NTAXA were calculated for all samples ( Table 1) .
The Danish Stream Fauna Index (DSFI), a modification of the Trent Biotic Index (Woodiwiss, 1964) , served as the metric to estimate the level of organic pollution. It takes into account not only the sensitivity of the indicator taxa to organic pollution but also the diversity of the community. The recently modified version (Skriver et al., 2000) includes seven quality classes in which pollutiontolerant organisms receive low scores and sensitive taxa receive high scores. Calculation of DSFI for simple qualitative samples was sometimes impossible when the exact number of certain taxa was required (Table 1) . We decided not to include taxa richness (taxa identified mostly further than to the family level), EPT-index (the number of Ephemeropera, Plecoptera, and Trichopera species per sample), and other similar indices in the current analysis because of the occurrence of too many doubtful cases in older samples.
ASPT and NTAXA belong to the ordinary biological quality monitoring system in Great Britain (Wright, 2000) , while DSFI is used in Denmark (Skriver et al., 2000) . In Sweden, ASPT and DSFI are recommended as reliable indicators of biological quality (Johnson & Goedkoop, 2006) . In the monitoring of Estonian streams, ASPT and DSFI have both been regularly used since 1997. Taxa richness has been used instead of NTAXA since 2000 (Timm, 2003) .
Identification
The material was mostly identified to the species or to the genus level, according to Johnson's (1999) list (with small modifications for Estonian freshwaters). Chironomids, oligochaetes, and the other groups requiring high magnification were not examined further. For the calculation of DSFI, the identification level of the genus, family, or class is required, while ASPT and NTAXA are based on the family level. The reliability of identification to the family level in estimations of biological quality has been confirmed recently by many studies (Feminella 2000; Hewlett, 2000; Gayraud et al., 2003; Linke & Norris, 2003; Waite et al., 2004) . Some loss of information compared with identification to the species or the genus level is compensated for by involving young or damaged specimens that are difficult to identify further than the family level.
Data analysis
Statistical conclusions were made with a general linear model (GLM), using the SAS software Release 8.1 (SAS Institute Inc., 1996) . The core of the underlying statistical model is given in the Appendix. The results of analysis are valid only for the variables with normally distributed residuals. ASPT and DSFI satisfied this condition but the residual distribution of NTAXA was close to a normal distribution only after logarithmic transformation. The corresponding logarithmic index is denoted below by LNTAXA. Stream size was square rooted to obtain a suitable scale for regression analysis, and presented by a cubic polynomial. The other continuous factors included were sampling season and geographical coordinates of the sampling site (presented by a two-dimensional second-order polynomial). In the model the index value depends on the combination of bottom substrate and flow velocity, as well as on the sampling method. The effect of the sampling method was considered different for different combinations of substrate and flow velocity. Most of the statistical results were inferred by the tailored ESTIMATE and CONTRAST statements of the GLM procedure.
RESULTS

Stream size
To specify the influence of stream size on ASPT, NTAXA, and DSFI, four distance points (4, 25, 64, and 169 km from the stream source) were compared using tailored parametric functions. These points correspond approximately to Strahler's stream orders 1-2, 3, 4, and 5-6, respectively. All three metrics depended significantly on stream size (Table 3) . The values of ASPT and DSFI for small streams increased with stream size, reaching a maximum at about 30-40 km from the source (Fig. 2) . During subsequent increase in stream size, the values of ASPT and DSFI decreased gradually. DSFI became even lower for the largest stream sizes than for the smallest sizes. Similarly to the other metrics, NTAXA revealed a gradual increase with stream size up to a length of ca 50 km, after which it remained almost constant for the larger streams.
Bottom substrate and flow velocity
All three metrics revealed lower biological quality for soft than for hard substrates, indicating that this difference should be taken into consideration when establishing quality classes for them. Like bottom substrate, higher flow velocity revealed higher natural quality for ASPT and DSFI. Paradoxically, NTAXA was even somewhat higher for slower than for faster flow, although the difference was not significant in the sense of Bonferroni (Table 3) . In a previous analysis, based on the samples of Method 3 only (Timm, 2003) , the number of Ephemeroptera, Plecoptera, and Trichopera (EPT), but not the ASPT or DSFI values, were markedly influenced by substrate and velocity. 
Geographical coordinates
The biological quality according to ASPT and DSFI was significantly influenced both by latitude and longitude (Table 3) . The values of these indices were predicted using the main statistical model for different geographical points and are presented as isographs on the map of Estonia (Fig. 3) . The areas of the highest biological quality occurred both in the upland region of the southern part (sandstone) of the country and along the large cliff in the midnorthern part (limestone). Unlike the other metrics, NTAXA showed maximum values for the south-western areas of Estonia where streams have a low slope and a relatively wide channel, although the difference in the values was statistically nonsignificant. Another study, based on independent data, showed that the streams richest in invertebrate species were situated near the region with the highest NTAXA in our study (Järvekülg, 2001) .
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Season
Season was not a determining factor for ASPT (Table 3 ). In contrast, the mean value of DSFI was significantly lower in autumn than in spring or summer. NTAXA was significantly higher in summer than in the other seasons.
Sampling method
On stony or gravelly bottom (riffles), no influence of the sampling method on ASPT was observed. As the riffle biotope is an area mostly recommended for sampling macroinvertebrates, ASPT might prove a promising tool for comparison of the results obtained with different sampling strategies. However, for slow current and/or soft bottom, the ASPT values derived from the simple qualitative samples (Method 1) were significantly lower than those obtained with the other two sampling methods (Table 4) . At the same time, Methods 2 and 3 yielded statistically similar results. DSFI and NTAXA, on the contrary, were highly dependent on the sampling method, revealing lower values both for Method 1 and Method 2 compared with Method 3 (Table 4) . However, the differences between Method 1 and Method 2 were mostly not significant. In other words, the biological quality according to taxa richness or its analogues (note that DSFI is highly dependent on taxa richness) estimated from the field-sorted samples was significantly lower than that estimated from the laboratory-sorted samples.
DISCUSSION
Stream size
In a previous analysis (Timm, 2003) , catchment area was found to exert a significant effect on all six studied metrics in Estonian streams. Its category < 100 km 2 affected almost all metrics (except DSFI), indicating a particular nature of the smallest streams. In the current study, stream size had a somewhat different effect on the quality metrics. When the values of both ASPT and DSFI reached a maximum at about 30-40 km from the source and decreased then with a subsequent growth of stream size, NTAXA revealed a gradual increase with stream size up to a length of ca 50 km after which its value remained almost constant for the larger streams. The decrease in ASPT for the smallest stream sizes and the decrease in DSFI for the largest stream sizes (Timm, 2003) were confirmed. We also ascertained a concurrent decline in ASPT for the highest stream orders, which has not been pointed out before.
The observed relationships between stream size and the quality indices were in fair concordance with the River Continuum Concept (Vannote et al., 1980) , which states that the zone through which the stream shifts from heterotrophic to autotrophic in forest zones is probably of order 3 (approximately 25 km from the stream source in our example). In such a transition area from headwaters to medium-sized streams, the number of species rises rapidly, which affects also the indices of biological quality depending on species richness. In Finnish streams distinct differences attributable to stream size were observed for several metrics, particularly for total number of taxa and abundance of algae-scraping invertebrates (Mykrä et al., 2004) . Heino et al. (2006) also found obvious differences in assemblage structure among the stream size classes, with a gradual increase of species richness as stream size increased. Paller et al. (2006) noted that in South Carolina streams stream width is positively related to total number of taxa; number of Ephemeroptera, Plecoptera, and Trichoptera (EPT) taxa; and total number of organisms.
Bottom and flow velocity
According to Timm (2003) , the taxa richness of Ephemeroptera, Plecoptera and Trichopera (EPT), but not the ASPT or DSFI values, are significantly influenced by substrate and flow velocity in Estonian streams. In the current study, involving a larger number of measurements, all three metrics revealed lower biological quality for sandy than for harder substrates. Likewise, higher flow velocity indicated higher natural quality for ASPT and DSFI. Paradoxically, NTAXA was even somewhat higher for slower than for faster current, although the difference was not significant in the sense of Bonferroni (Table 3) .
Sites in lowland stream sections are usually characterized by lower taxonomic richness and are distinct from other sites (Turak et al., 1999; Maxted et al., 2000) . Soft-bottomed reference sites have only 50% of all taxa of hard-bottomed reference sites and only 33% of the Ephemeroptera, Plecoptera, and Trichoptera (EPT) taxa (Maxted et al., 2003) . The highest species richness in sandy streams was found not on sand but on dead leaves, wood, and alder roots (Speth & Boettger, 1994; Rader & McArthur, 1995) , which confirms that the patchy structure in sandy versus rocky streams is characterized by isolated snags that can only be colonized by drifting.
Subregions
We observed significant subregional dissimilarities for all studied metrics. However, biological quality was probably limited by flow velocity rather than by the bedrock type. The lower values of ASPT and DSFI in the western part (Fig. 3) may be related to the interaction of the young geological age, low slope, and small size of many streams. For example, the order Plecoptera as an indicator of the highest quality is only represented by the widespread species Nemoura cinerea in the streams of Estonian islands (Timm, 2000) . We assumed that the eastward decrease in ASPT and DSFI might be caused both by the relatively low slope and by the high level of humic substances in the catchment areas. Peatlands may have a stronger influence on local streams in eastern Estonia than elsewhere (Järvekülg, 2001) . Still, the macroinvertebrates of genuine peatland streams in Estonia require further detailed research. In a previous study (Timm, 2003) in which peaty areas were not analysed, the difference between limestone and sandstone bedrocks was significant for the acidity index but not for ASPT or DSFI. The high NTAXA in the south-western areas of Estonia (Fig. 3) , where streams have a low slope and a relatively wide channel, can be explained by comparatively good light conditions, which favour extensive occurrence of aquatic macrophytes with phytophilous invertebrate species.
Johnson (1999) established region-specific reference values for selected indicator metrics for six major ecoregions in Sweden (from the arctic-alpine to the nemoral zone). However, Sandin (2003) concluded that a gradual rather than a discrete change occurs in the taxonomic composition both among the ecoregions and among the assemblage groups. In Finland the arctic-alpine and the northern boreal ecoregions support the most distinct benthic assemblages. However, no clear latitudinal gradients were detected in local species richness (Heino et al., 2002) .
Season
While in our study ASPT did not depend and NTAXA depended on the season (spring, summer, or autumn), independence of both these metrics of the season was reported for British streams (Clarke, 2000) . The relatively high value of NTAXA in summer in our study can be explained by the occurrence of warm-water phytophilous taxa. The best results are achieved when separate quality estimation models are developed for each sampling season (Linke et al., 1999; Reece et al., 2001) . In case the season is related to a large variability in discharge, it can mask differences in water quality (Coimbra & Graça, 1998; Davies, 2000) .
Biological quality
To sum up, we confirmed the significance of several main typological factors noted in the Water Framework Directive for some routine quality metrics on the basis of the taxonomic composition of macroinvertebrates in Estonian streams. We also found that one of the metrics -British ASPT-index -depended nonsignificantly on taxa richness, sampling method, and season in fast-flowing stream sections. This finding helps transform biological quality derived from non-standard samples into standard terms. The other indices, which expressed taxa richness more directly (NTAXA, DSFI), are less suitable for this purpose. The 'ASPT approach' is popular also elsewhere outside the UK where it belongs to standard tools. In Southern Europe, a Spanish version (ASPT´) has been successfully put into practice (Alba-Tercedor & Pujante, 2000; Solimini et al., 2000) . Although the Austrian index of saprobity, based on identification to the species level, is considered more accurate for Austrian conditions compared with ASPT, a significant correlation occurred between them (Strubauer & Moog, 2001 ). Collier et al. (1998) found that several indices of biological quality (percentage of Ephemeroptera, Plecoptera, and Trichoptera; Macroinvertebrate Community Index -similar to ASPT -developed for New Zealand), derived from rapid bioassessment sampling, are not significantly different from those derived from intensive sampling. Such indices appear to be particularly useful for rapid bioassessment of lowland stream environments.
Nevertheless, estimation of biological quality on the basis of only one index can be accepted merely as a provisional rapid method to be used in geographically uniform areas affected by single-type impairment (Skriver et al., 2000) . To illustrate different aspects of quality, simultaneous use of several metrics (including abundance-based metrics) is highly recommended (Fore et al., 1996; Johnson, 1999; Barbour & Yoder, 2000; Feld, 2004) . Thus, a multimetric system was developed in which five indices, characterizing biodiversity (taxa richness), general degradation (ASPT, EPT, Shannon diversity), and/or organic pollution level (DSFI), are included in the present list of metrics of biological quality in Estonian streams. As channelization and damming have nowadays far more importance for the biota of Estonian streams than organic pollution, we propose completing the estimation scale with the metric(s) that could directly express hydromorphological stress. In addition, the natural value of streams (occurrence of rare and endangered taxa, percentage of non-native species and specimens) should be an integral component of biological quality in the nearest future.
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APPENDIX
The core of the SAS GLM procedure used in analysis. sm -sampling method, vel -velocity of current, lat -geographical latitude, long -geographical longitude, LL -square rooted size of current, 'Method 1 Method 3:hard, slow' -comparison of Method 1 and Method 2 for hard substrate and slow current (an example of a tailored estimate clause used in the procedure) proc GLM data=streams;
class sm substrate vel season; model ASPT LNTAXA DSFI = substrate|vel sm(substrate*vel) lat|lat|long|long@2 LL|LL|LL season / e3 ss3 solution; output out=ResAndPreds r=rASPT rLNTAXA rDSFI p=pASPT pLNTAXA pDSFI; . . . estimate 'Method 1-Method 3:hard, slow' sm(substrate*vel) 0 0 0 0 0 0 1 -1 ; . . .
